INTRODUCTION {#sec1-1}
============

*Schisandra chinensis* (Wuweizi in China), the dry ripe fruits of *Schisandra chinensis* (Turcz.) Baill., officially listed as a sedative and tonic in the China Pharmacopoeia,\[[@ref1]\] has been used as an important component in various prescriptions in traditional Chinese medicine (TCM) and more recently in western-based medicine for its antihepatotoxic and anti-HIV effects.\[[@ref2]\] Its traditional effects are astringency of sweating, seminal emission, diarrhea and tranquillizing of the mind. Phytochemical investigations have resulted in the isolation and identification of many compounds such as lignans, polysaccharides, essential oils, organic acids, and vitamins,\[[@ref3]--[@ref8]\] among which, the lignans with a dibenzocyclooctadiene skeleton are the major bioactive compounds in *S. chinensis*. Pharmacological studies showed that they had good biological activities, including antihepatotoxic, anti-cancer,\[[@ref9]\] antioxidant,\[[@ref10]\] antitumor,\[[@ref11]\] platelet activating factor antagonistic\[[@ref12]\] and central nervous system protecting activities,\[[@ref13]\] etc. So it is necessary to establish a qualitative and quantitative method based on the bioactive lignans for control of the quality of *S. chinensis* from different sources.

To our knowledge, there are previously reported analytical methods were developed to quantify lignans present in S. chinensis, but these methods only measure the contents of total lignans\[[@ref14]\] or a mixture of some specific lignans.\[[@ref15]--[@ref18]\] To date, there has been no report of the quantitative determination of the eleven bioactive lignans in *S. chinensis* from different sources. In this paper, a simple and accurate HPLC-UV method was developed for the simultaneous quantification of the eleven major characteristic lignans in S. chinensis, namely schisandrin, gomisin J, schisandrol B, angeloylgomisin H, gomisin G, schisantherin A, schisantherin B, deoxyschisandrin, γ-schisandrin, schisandrin B, and schisandrin C \[[Figure 1](#F1){ref-type="fig"}\].

![Structures of eleven lignans in *Schisandra chinensis*: Schisandrin (1), Gomisin J (2), Schisandrol B (3), Angeloylgomisin H (4), Gomisin G (5), Schisantherin A (6), Schisantherin B (7), Deoxyschisandrin (8), γ-schisandrin (9), Schisandrin B (10) and Schisandrin C (11).](PM-9-155-g001){#F1}

The validated method is selective, precise, and accurate and thus can be used for the routine analysis of pharmaceutical preparations in quality control laboratories of the pharmaceutical industry. The method was successfully applied to simultaneous determination of these bioactive components in *S. chinensis* procured from different habitats in China.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials and reagents {#sec2-1}
----------------------

Schisandrin, schisandrol B, schisantherin A, deoxyschisandrin, and schisandrin B (\> 99% purity) were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Nanjing, China). Schisandrin C (\> 98% purity) was provided by Shanghai Sunny Biotech Co. Ltd. Gomisin J, angeloylgomisin H, gomisin G, Schisantherin B and γ-schisandrin (\> 98% purity) were provided by Shanghai Tauto Biotech Co. Ltd. Acetonitrile for HPLC was provided by Tedia Company (USA) and methanol for HPLC was purchased from Shandong Yuwang Industrial Co. Ltd. Water for the HPLC mobile phase was purified in a Milli-Q system (Millipore, Bedford, MA, USA).

Plant materials {#sec2-2}
---------------

The 22 samples of *S. chinensis* from different sources were identified by Professor J.W. Chen, College of Pharmaceutical Science, Nanjing University of Chinese Medicine, Nanjing, PR China, and are shown in [Table 1](#T1){ref-type="table"}.

###### 

Details of the herbal materials collected
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Preparation of sample {#sec2-3}
---------------------

The sample was pulverized and the powder was screened through 60 mesh sieves. The fine powder of studied samples, was accurately weighed (0.3 g), and transferred into 25 ml volumetric flasks. They were extracted with 25 ml of methanol in an ultrasonic bath for 20 min at room temperature. Additional methanol was added to make up the lost. The supernatants were centrifuged for 10min at 14000 rpm prior to injection into the HPLC system.

Preparation of standard solutions {#sec2-4}
---------------------------------

The standard stock solutions of schisandrin (250.2 μg/ml), gomisin J (52.00 μg/ml), schisandrol B (109.9 μg/ml), angeloylgomisin H (141.0 μg/ml), gomisin G (25.50 μg/ml), schisantherin A (37.90 μg/ml), schisantherin B (83.20 μg/ml), deoxyschisandrin (51.60 μg/ml), γ-schisandrin (91.00 μg/ml), schisandrin B (207.0 μg/ml) and schisandrin C (45.60 μg/ml) were prepared in methanol. Working standard solutions containing each of the eleven compounds were prepared by diluting the stock solution with methanol to the proper volumes within the ranges, respectively. The standard stock solutions and working solutions were stored at 4°C. The solutions were centrifuged for 10min at 14000 rpm prior to injection into the HPLC system.

HPLC analysis {#sec2-5}
-------------

The high-performance liquid chromatography system consist of a Agilent 1100 HPLC (Agilent Technologies, Palo Alto, CA, USA), equipped with a quaternary pump, an auto-sampler, a vacuum degasser, an automatic thermostatic column compartment, and a UV detector. The chromatography was carried out on Elite ODS C18 column (250 mm × 4.6 mm, 5 μm) at a column temperature of 30°C and flow rate of 1.0ml/min using acetonitrile (A) and water (B) as mobile phase with a linear gradient [Table 2](#T2){ref-type="table"}. The injection volume was 10 μL and the detection wavelength was set at 217nm.

###### 

Time program of the gradient elution
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RESULT AND DISCUSSION {#sec1-3}
=====================

Extraction procedure {#sec2-6}
--------------------

Various extraction methods, solvents and times were evaluated in an effort to optimize the extraction procedures. The results revealed that ultrasonic extraction was better than refluxing, so the further experiments were carried out with ultrasonic extraction. Various solvents including 20% methanol, 50% methanol, 80% methanol and pure methanol were screened with ultrasonic extraction to evaluate the efficiency of the solvent extraction. The results showed that pure methanol was the most suitable extraction solvent, which allowed extraction of all the major constituents to be in high yields. The influence of the extraction time (10, 20, 30 and 60 min) on the efficiency of extraction was also investigated. We found that ultrasonic extraction for 20 min obtained optimal results, and there was no obvious difference between 20 and 30 min. Finally, we choose the extraction process was as follow: ultrasonic extraction of the samples in pure methanol for 20 min.

Optimization of separation conditions {#sec2-7}
-------------------------------------

Different compositions of mobile phase were tried to obtain chromatograms with good resolution of adjacent peaks. Various mixtures of water and methanol were used as mobile phase but separation was not satisfactory. However, when methanol was replaced by acetonitrile, the situation improved a lot and satisfactory resolution was obtained. Furthermore, other chromatographic variables were also optimized, including analytical columns (Elite ODS C18 and Kromasil C18), column temperatures (25 and 30°C) and flow rates (0.8 and 1.0ml/min). Eventually, the optimal separation was achieved on an Elite Hypersil ODS C18 column (250 mm × 4.6 mm, 5 μm) at a column temperature of 30°C with a flow rate of 1.0 ml/min. Under the optimal chromatographic conditions, the peaks corresponding to the different analytes were well-separated within 45 min. Representative chromatograms for the eleven standard analytes and herb samples were shown in [Figure 2](#F2){ref-type="fig"}. The peaks of these lignans were identified by two methods: (i) by comparing the retention times of the peaks with those of the reference compounds eluted under the same conditions and (ii) by spiking the sample with stock standard solutions of analytes.

![HPLC Chromatograms of (a) mixed standards: Schisandrin (125.10 ìg/ml), Gomisin J (26.00 ìg/ml), Schisandrol B(54.95 ìg/ml), Angeloylgomisin H(70.50 ìg/ml), Gomisin G (12.75 ìg/ml), Schisantherin A(18.95 ìg/ml), Schisantherin B(41.60 ìg/ml), Deoxyschisandrin (25.80ìg/ml), γ-Schisandrin(45.50 ìg/ml), Schisandrin B(103.50 ìg/ml) and Schisandrin C(22.80 ìg/ml); (b) *Schisandra chinensis* (produced from Tieling, Liaoning); (c) amplified (b), respectively](PM-9-155-g004){#F2}

Calibration curves, limits of detection and quantification {#sec2-8}
----------------------------------------------------------

Methanol stock solutions containing Schisandrin, Gomisin J, Schisandrol B, Angeloylgomisin H, Gomisin G, Schisantherin A, Schisantherin B, Deoxyschisandrin, γ-Schisandrin, Schisandrin B and Schisandrin C were prepared and diluted to appropriate concentrations for plotting the calibration curves. At least six concentrations of the eleven analytes solution were analyzed in triplicate, and then the calibration curve of each analyte was constructed by plotting the peak area versus the concentration. The calculated results are shown in [Table 3](#T3){ref-type="table"}. All calibration curves showed good linear regression (r ≥ 0.9995) in a relatively wide concentration range.

###### 

Linear regression data, LOD, LOQ, precision of eleven lignans in *Schisandra chinensis*
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The working solutions of the analytes were further diluted with methanol to a series of appropriate concentrations. The limit of detection (LOD) and limit of quantification (LOQ) for each analyte were calculated with corresponding standard solution on the basis of a signal-to-noise ratio (S/N) of 3 and 10, respectively. The values can be seen in [Table 3](#T3){ref-type="table"}.

Precision, accuracy and stability {#sec2-9}
---------------------------------

The intra- and inter-day precisions were determined by analyzing known concentrations of the eleven analytes in six replicates during a single day and by duplicating the experiments on five consecutive days. Variations were expressed by the relative standard deviations (R.S.D.) for intra- and inter-day. The results are shown in [Table 3](#T3){ref-type="table"}, where it can be seen that the intra- and inter-day R.S.D. values of the eleven compounds were all less than 1.21%, confirming the good reproducibility of the developed method.

The recovery test was used to evaluate the accuracy of the method by adding three known amounts of individual standards to a certain amount (0.15 g) of *S. chinensis* (Tieling, Liaoning). Three replicates were performed for the test. The mixture was extracted and analyzed with the proposed method. The average percent recoveries were evaluated by calculating the ratio of the detected amount versus the added amount. The recovery of the method was in the range of 99.51--101.31% with R.S.D. values less than 2.68% as shown in [Table 4](#T4){ref-type="table"}. The results show that the method is accurate.

###### 

Recoveries for the assay of eleven lignans in *Schisandra chinensis*^a^
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Stability of a sample solution was tested at room temperature when the sample solution was protected from sunlight. The sample solution was analyzed in triplicate every 12h over a period of 72h. The analytes were found to be very stable in methanol solution (R.S.D. ≤ 1.89%) over the test period.

Sample analysis {#sec2-10}
---------------

The method was applied to simultaneously determine eleven characteristic lignans in 22 samples of *S. chinensis* collected from different sources. The contents of the eleven compounds in the samples were quantified and the results of the mean values of three replicate injections are shown in [Table 5](#T5){ref-type="table"}. Among the analyzed compounds, the content of Schisandrin (1) was the highest in most of the samples. Significant variation in the total content of lignans was found in 22 samples of *S. chinensis* from different sources. The highest content obtained was 32.38 mg/g in the sample from Zhonghe, Heilongjiang Province, while very low in some regions, such as Yangquan, Shanxi Province.

###### 

Contents of eleven lignans in 22 samples of *Schisandra chinensis*
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CONCLUSION {#sec1-4}
==========

This study describes the development of an HPLC-UV method for simultaneous determination of the eleven characteristic lignans in 22 samples from different sources of *S. chinensis*. The qualitative and quantitative method for the quality control of bioactive lignans of *S. chinensis* from different sources was established for the first time. High linearity, repeatability, intra-day and inter-day assay precision, accuracy and reliability were presented in the method validation procedures. The proposed method is promising to improve the quality control of *S. chinensis* and its processed products. Moreover, based on this multi-components assay method, further studies of, phytochemical pharmacokinetic and statistics are expected to follow.
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